ABSTRACT. Tyrosine receptor kinase B (TrkB), a receptor for brain-derived neurotrophic factor and neurotrophin-3, includes the alternatively spliced three isoforms specifically in rats. Each isoform, full length TrkB (TrkB FL), truncated TrkB type-1 (TrkB T1) and type-2 (TrkB T2), seems to mediate diverse cellular function. Some studies suggest that TrkB plays a key role in both neural and non-neural systems. In the present study, we examined mRNA and protein expression profile of three TrkB isoforms in normal adult rat multiple tissues. TrkB FL mRNA and protein were both highly expressed exclusively in brain. While TrkB T1 mRNA was highly expressed exclusively in brain, glycosylated TrkB T1 protein was expressed in brain and heart. TrkB T2 mRNA level in brain was the highest. In brain, TrkB FL mRNA expression was higher in cerebral cortex, but lower in brainstem. TrkB T1 mRNA expression was higher in hypothalamus, but lower in cerebellum. TrkB T2 mRNA expression was higher in cerebral cortex and cerebellum, but lower in brainstem. The present study for the first time clarified diverse distribution of three TrkB isoforms in rat multiple tissues and could serve as a useful resource for understanding the physiology and pathophysiology of mammals including human via comparing the expression pattern of TrkB isoforms.
Tyrosine receptor kinase B (TrkB) is a receptor for brain-derived neurotrophic factor (BDNF) and neurotrophin-3 [32] . Three TrkB isoforms, full length TrkB (TrkB FL), truncated TrkB type-1 (TrkB T1) and type-2 (TrkB T2), are alternatively spliced and expressed specifically in rats. All the isoforms possess the same extracellular domain, while they possess each different intracellular domain [24] . TrkB FL mediates the activation of ERK and Akt signaling pathway in a ligand-dependent manner, which affects the neural development, growth, differentiation and survival [13, 16, 29] . TrkB T1 not only exhibits dominant-negative effect for TrkB FL, but also mediates the intracellular Ca 2+ mobilization, suppression of Rho-GDPase inhibitor activity and activation of phospholipase C in glial cells [8, 12] . TrkB T2 possibly modifies the intracellular signaling activated through BDNF stimulation [3] . Hence, TrkB isoforms differently regulate the intracellular signal transduction.
Further, TrkB isoforms seem to play roles in various tissues other than neural system. It was reported that TrkB FL mediates the tumor development via regulating metastasis, chemoresistance, angiogenesis and anoikis [4, 11, 30] . In addition, TrkB is expressed in human atherosclerotic lesion [18] . TrkB seems to be necessary for angiogenesis during the development of heart [35] . BDNFTrkB T1 axis mediates contraction via intracellular Ca 2+ increase in mouse hearts [10] . These results suggest that TrkB isoforms could exert various functions in multiple tissues.
Previously, mRNA expression level of TrkB FL and T1 in rats, which are used as a model for understanding the human physiology and pathophysiology, was examined by performing RNA-seq analysis [37] . However, expression level of TrkB T2 mRNA and TrkB isoforms protein in rat multiple tissues still remains to be unknown. In the present study, we aimed to clarify them.
MATERIALS AND METHODS

Animal and tissue harvest
Animal care and procedures were conducted in conformity with the institutional guideline of School of Veterinary Medicine, the Kitasato University. An animal study was approved by the ethical committee of School of Veterinary Medicine, the Kitasato University. Male Wistar rats (5-week-old) (CLEA Japan, Tokyo, Japan) were maintained in a constant temperature and humidity room (22 ± 2°C, 50-60%, 12 hr for lighting). They can freely access the food (CE2, CLEA Japan) and tap water. After the rats doi: 10.1292/jvms.17-0257 (7-week-old) were anesthetized with urethane (1.5 g/kg, i.p.) and euthanized by inferior vena cava exsanguination, tissues were isolated and dissected in approximately 5 mm cubes. The isolated tissues were as follows: testis, coagulating gland, pancreas, spleen, stomach, jejunum, colon, liver, adrenal, kidney, thymus, lung, heart, aorta, thyroid, eye, skeletal muscle and whole brain. In addition, whole brain was separated into 5 regions (cerebral cortex, cerebellum, brainstem, hypothalamus and hippocampus). Then, the tissues were mashed by using Cell Destroyer (Prosense Inc., Tokyo, Japan) for extraction of total RNA and protein.
Materials
The primary antibody sources were as follows: TrkB FL (CSB-PA020174, Flarebio, College Park, MD, U.S.A.) and TrkB T1 (sc-119, Santa Cruz Biotech, Santa Cruz, CA, U.S.A.). Anti-TrkB FL antibody (CSB-PA020174) was produced by immunizing rabbit with a synthetic peptide surrounding Tyr516 in intracellular domain of TrkB FL (NCBI Reference Sequence: NP_036863.1). Thus, the antibody only reacts with TrkB FL (Fig. 2) . Anti-TrkB T1 antibody (sc-119) was produced by immunizing rabbit with a synthetic peptide locating at the C-terminus of TrkB T1 (NCBI Reference Sequence: NP_001156640.1). Thus, the antibody only reacts with TrkB T1 (Fig. 4) . The secondary antibody was anti-rabbit IgG Horseradish Peroxidase (HRP)-linked Antibody (#7074, Cell Signaling Technology, Beverly, MA, U.S.A.).
RT-PCR
RT-PCR was performed as previously described [26, 28] . Total RNA was extracted from mashed tissues using a TRI Reagent (Molecular Research Center Inc., Cincinnati, OH, U.S.A.). The first strand cDNA was synthesized from 250 ng of total RNA by using the ReverTra Ace qPCR master mix (TOYOBO, Osaka, Japan) at 65°C for 5 min, 37°C for 15 min and 98°C for 5 min. The PCR amplification was performed using Quick Taq HS DyeMix (TOYOBO). After the initial activation at 94°C for 1 min, the 33 (for TrkB FL, T1 and T2)-or 18 (for 18s ribosomal RNA)-cycles of amplifications at 94°C for 30 sec, 58°C for 30 sec and 68°C for 30 sec were done. After the PCR products were electrophoresed in agarose gel containing ethidium bromide (final concentration, 50 µg/ml) at 100 V for 35 min, they were visualized and analyzed by using the ATTO light capture system and CS analyzer 3.0 software (ATTO, Tokyo, Japan). The primer sequences were described in Supplemental Table. Quantitative
RT-PCR (qRT-PCR) analysis
qRT-PCR was performed as previously described [26] . After cDNA was synthesized as described above, PCR amplification was performed using THUNDERBIRD qPCR Mix (TOYOBO) with the pair of gene-specific primers (Supplemental Table) . Real-time analysis was performed using PikoReal 96 Real-Time PCR System (Thermo Fisher Scientific, Waltham, MA, U.S.A.). After initial activation at 95°C for 1 min, 40 cycles of amplifications at 95°C for 1 min and 60°C for 30 sec were done. Melting curve was analyzed from 60 to 90°C. We determined the quantity of cycles at fixed signal intensity (Cq) as 2 -ΔCq value relative to 18s ribosomal RNA or glyceraldehyde-3-phosphate dehydrogenase (GAPDH).
Western blotting
Western blotting was performed as described previously [27, 28, 33, 34] . Protein lysates were obtained from mashed rat tissues using Cell Lysis Buffer (Cell Signaling Technology) containing 20 mM Tris-HCl (pH7.5), 150 mM NaCl, 1 mM Na 2 EDTA, 1 mM EGTA, 1% Triton-X, 2.5 mM sodium pyrophosphate, 1 mM β-glycerophosphate, 1 mM Na 3 VO 4 and 1 µg/ml leupeptin supplemented with 0.1% protease inhibitor mixture (Nacalai Tesque, Kyoto, Japan) on ice. Protein concentration was determined by using a bicinchoninic acid method (Pierce, Rockford, IL, U.S.A.). After equal amount of protein (10 µg) was separated by SDS-PAGE (7.5%) at 80-120 V for 1.5 hr, they were transferred to a nitrocellulose membrane (Pall Corporation, Ann Arbor, MI, U.S.A.) at 400 mA for 1.5 hr. For confirming the equal loading of protein, the membranes were stained with 0.1% Ponceau-S/5% acetic acid at room temperature for 5 min and washed three times with 1% acetic acid at room temperature for 5 min. The Ponceau-S stained membranes were scanned in visible light by using the ATTO light capture system. Total density of all the visible bands in each lane was measured as the amount of total protein using CS analyzer 3.0 software (Supplemental Fig. 1 ). After being blocked with 0.5% skim milk, the membranes were incubated with a primary antibody [1:500 dilution in Tris-buffered saline with Tween 20 (TBS-T)] at 4°C overnight. They were detected by using HRP-conjugated secondary antibody (1:10,000 dilution in TBS-T, 1 hr at room temperature) and the EZ-ECL system (Biological Industries, Kibbutz Beit Hesmek, Israel). The results were analyzed using CS analyzer 3.0 software. 
RESULTS
Expression level of TrkB FL in rat tissues
We first examined the expression level of TrkB FL mRNA in rat tissues by RT-PCR and qRT-PCR. TrkB FL mRNA was highly expressed in brain. In other tissues, the expression was much lower compared with brain ( Fig. 1a and 1b, n=3-4) . We further examined the protein expression level of TrkB FL in rat tissues by Western blotting. The electrophoresed mobility of glycosylated TrkB FL differs from non-glycosylated TrkB FL in SDS-PAGE [15] . Thus, we identified an approximately 95 kDa band as nonglycosylated TrkB FL and a 140 kDa band as glycosylated TrkB FL. The TrkB FL protein was highly expressed in brain, while the TrkB FL protein was barely detected in other tissues, except for testis and eye (Fig. 2, n=3-4) , generally reflecting the mRNA expression level of TrkB FL in rat.
Expression level of TrkB T1 in rat tissues
We next examined the expression level of TrkB T1 mRNA in rat tissues by RT-PCR and qRT-PCR. TrkB T1 mRNA was highly expressed in brain (Fig. 3a and 3b, n=3-4) . We further measured the protein expression level of TrkB T1 in rat tissues by Western blotting. The molecular weight of rat TrkB T1 protein is approximately 43 kDa predicted from its amino acid sequences, except for signal peptides (NCBI Reference Sequence: NM_001163168.2). Since TrkB T1 has the same extracellular domain as TrkB FL, glycosylation of TrkB T1 could also change its electrophoresed mobility in SDS-PAGE. Thus, we identified an approximately 90 kDa band as glycosylated TrkB T1 [5, 14, 20, 25] . The glycosylated TrkB T1 was highly expressed in brain. While the expression was slightly observed in heart, no visible band was observed in other tissues (Fig. 4, n=3-4) . Fig. 3 . Expression level of truncated TrkB type-1 (TrkB T1) mRNA in rat tissues. Total RNA was extracted from homogenized tissues of Wistar rats. a) Expression of TrkB T1 mRNA was measured by RT-PCR using the gene specific primers to rat TrkB T1 (n=3−4). The data normalized to 18s ribosomal RNA were shown as fold increase relative to brain in bar graph. Data were expressed as mean ± SE. b) Expression of TrkB T1 mRNA was measured by qRT-PCR using the gene specific primers to rat TrkB T1 (n=3). The relative mRNA level to rat 18s ribosomal RNA was calculated using 2 -ΔCq values.
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Expression level of TrkB T2 in rat tissues
We next examined the expression level of TrkB T2 mRNA in rat tissues by RT-PCR and qRT-PCR. TrkB T2 was highly expressed in brain. In other tissues, the expression was lower than brain ( Fig. 5a and 5b, n=3-4) . It should be noted that we cannot examine the TrkB T2 protein expression level because there is no commercially available antibody.
Expression level of TrkB isoforms mRNA in several regions of rat brain
Since all TrkB isoforms mRNA was highly expressed in brain, we finally examined the expression pattern of TrkB isoforms mRNA in several regions of rat brain. TrkB FL mRNA was higher in cerebral cortex, but lower in brainstem (Fig. 6a, n=3 ). TrkB T1 mRNA was higher in hypothalamus, but lower in cerebellum (Fig. 6b, n=3 ). TrkB T2 mRNA was higher in cerebral cortex and cerebellum, but lower in brainstem (Fig. 6c, n=3) .
DISCUSSION
In the present study, we examined the mRNA and protein expression level of three TrkB isoforms in normal adult rat multiple tissues and obtained the following results; 1) TrkB FL mRNA and protein were both highly expressed exclusively in brain, 2) While TrkB T1 mRNA was highly expressed exclusively in brain, glycosylated TrkB T1 protein was expressed exclusively in brain (higher expression) and heart (lower expression), 3) TrkB T2 mRNA level in brain was the highest, and 4) In brain, TrkB FL mRNA expression was higher in cerebral cortex, but lower in brainstem. TrkB T1 mRNA expression was higher in hypothalamus, but lower in cerebellum. TrkB T2 mRNA expression was higher in cerebral cortex and cerebellum, but lower in brainstem. Collectively, we for the first time determined the diverse distribution of mRNA and protein of three TrkB isoforms in rat multiple tissues.
TrkB FL protein and mRNA were highly expressed exclusively in brain ( Figs. 1 and 2) . TrkB FL plays a critical role in regulating the neural development, growth, differentiation and survival [13, 16, 29] . The present results in rats well support the concept.
TrkB T1 mRNA and glycosylated TrkB T1 protein were also highly expressed in rat brain similar to the case of TrkB FL, confirming the previous results that TrkB T1 is expressed in rat brain [1, 9] . Interestingly, in heart, glycosylated TrkB T1 protein was detected by Western blotting, while the TrkB T1 mRNA level was lower (Figs. 3 and 4) . TrkB T1 protein expression in heart was previously reported [7] , which seemed to mediate the ligand-dependent contraction in cardiomyocytes [10] . The results indicate that TrkB T1 protein, even expressed at quite low level, would be expected to have some functions in heart. Likewise, the expression pattern of TrkB T1 mRNA and protein was different between brain and heart. We speculate this is because the regulation of post-transcriptional modifications for TrkB T1, such as proteolytic cleavage [17, 22] and microRNA silencing [23] , would be different among these tissues. It should be noted that we detected approximately 43 kDa bands in rat multiple tissues by Western blotting using anti-TrkB T1 antibody (sc-119) (Supplemental Fig. 2 ). Since the molecular weight of rat TrkB T1 protein is estimated as approximately 43 kDa (NCBI Reference Sequence: NM_001163168.2), it might be possible that the bands corresponded to non-glycosylated TrkB T1. If so, the non-glycosylated TrkB T1 seems to be ubiquitously expressed in rat multiple tissues. A glycosylation of TrkB potentially mediates the stability of TrkB [19] . Moreover, TrkA, belonging to the Trk family protein, requires a glycosylation for localization at plasma membrane, and non-glycosylated TrkA could not activate cellular signaling [36] . Hence, it is supposed that putative non-glycosylated TrkB T1 expressed in other tissues than brain and heart could not be localized at plasma membrane and do not have ligands-dependent cellular function.
The mRNA expression level of TrkB T2 in brain was the highest (Fig. 5) . The expression pattern of TrkB T2 mRNA in rat multiple tissues was similar to that of TrkB FL and T1. While the functions of TrkB T2 remain largely unknown, TrkB T2 could bind to BDNF at least [3] . Additionally, similar to TrkB T1, TrkB T2 has dominant-negative effects for TrkB FL [5, 6] . Thus, TrkB T2 expressed in brain would serve as an antagonistic mediator of BDNF-TrkB FL signal.
In the present study, we further examined the expression pattern of TrkB isoforms mRNA in several regions of rat brain. The mRNA expression pattern of TrkB FL and TrkB T2 in the brain was similar, except for cerebellum ( Fig. 6a and 6c) . Interestingly, TrkB T2 mRNA in rat cerebellum was the highest compared with other brain regions (Fig. 6c) . In cerebellum, it was suggested that TrkB T2 had no direct effects on intracellular function, but may work for the clearance of excess ligand (BDNF) [21] . We also found that mRNA expression of TrkB T1 but not TrkB FL and TrkB T2 was relatively higher in brainstem. It was previously reported that TrkB T1 was highly expressed in astrocyte [31] and non-neural cells abundantly existed in other brain regions than cerebral cortex and cerebellum [2] , supporting our present results. Nonetheless, clarification of cell type specific expression pattern rats. a) Expression of TrkB T2 mRNA was measured by RT-PCR using the gene specific primers to rat TrkB T2 (n=3−4). The data normalized to 18s ribosomal RNA were shown as fold increase relative to brain in bar graph. Data were expressed as mean ± SE. b) Expression of TrkB T2 mRNA was measured by qRT-PCR using the gene specific primers to rat TrkB T2 (n=3). The relative mRNA level to rat 18s ribosomal RNA was calculated using 2 -ΔCq values.
(neuron vs. glia) of TrkB isoforms warrants further investigation. In summary, the present results for the first time clarified several points. First, all the TrkB isoforms were localized in rat brain. Second, while TrkB T1 mRNA was highly expressed specifically in brain, glycosylated TrkB T1 protein was expressed in brain and heart. The present study for the first time determined the diverse distribution of mRNA and protein of three TrkB isoforms in rat multiple tissues. The present findings in rat are hopefully useful for understanding the physiology and pathophysiology of mammals including human via comparing expression pattern of TrkB isoforms. Expression level of a) TrkB FL mRNA, b) TrkB T1 mRNA and c) TrkB T2 mRNA was measured by qRT-PCR using the gene specific primers to rat TrkB isoforms (n=3). The relative mRNA level to rat glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA was calculated using 2 -ΔCq values. CC: Cerebral cortex, Cer: Cerebellum, BS: Brainstem, HT: Hypothalamus, HC: Hippocampus.
